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We mapped and tequen¢~ a novel chloroplast ~ne encodinll it protein (348 amino acids) which shows a high ueclmacm kkmtity with boeh slut 
decoded nuclear cs(ch,42) gene product of Arabldopsts ;ha l~a,  and the C.terminal half of the decoded "cTlA' ~ product of J~adbbKt~ 
capsulatJ,.,'. The chloroplast llene (ccsA) is split (two exons) and t ran~bed into at stable mRNA of about 1200 nudeotides. Tire putative protein 
may be involved in the biosynthesis of photosynthetic p in ts .  
Eulglena gracilLt; ccsA chloroplast gen¢; Arabidopsis thalkma; c~(ck.42/ nudur 
1. INTRODUCTION 
During our studies on structure and function of the 
E. xracilis chloroplast genome we mapped and se- 
quenced a DNA segment with a split OR F coding for 
a protein of 348 amino acids. Using the FASTA service 
offered by EMBL, Heidelberg, we found that the amino 
acid sequence was very similar to a recently published 
decoded sequence of the nuclear gene cs(ch-42) of A. 
thaliana [I]. According to this study cs is a light-regu- 
lated sen© encoding a chloroplast protein which is im- 
ported into chloroplasts as shown by in vitro experi- 
ments. In case of E. gracilis the corresponding ene is 
located and expressed within the chloroplast. We pro- 
pose to call this gene ccsA. It represents a chloroplast 
gene homologous to the A. thaliana nuclear cs gene 
which most likely is involved in chloroplast pigment 
biosynthesis. 
2. MATERIALS AND METHODS 
The previously described DNA fragment Bill Z [2] was cloned into 
the BamHI site of the vector Bluescript KSII- (PEIKS-Z), We sub- 
cloned it IlindllI.Bglll fragment (2935 bp) by digestion of the con- 
struct pEIIKS-Z with Hmdlll, Fragments were separated on allaros¢ 
gels (1%)and fragments of the appropriate length (the Hindlll map 
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Universit~ de NeuchAtel. Chantemerk 18. CH-2000 Neuct~Itel, Swit- 
zerland. Fax', (41)(38) 242 b95. 
of Blgl Z is known) were eluted from the pel (Bimrap, Schleglxeg & 
Schu¢ll) and relilptted. The clone pEgKS-2.9 with the 2935 bp mt~1 
was totally sequenced lB. Oral ,  Ph.D. ~s ,  Neuchltel. 1992) fol- 
lowing standard protocols (STRATAGENF). Ovedappinl mmll~r 
fragments were ltmerated by cuttinl with H/mllll and ~1,  follow~ 
by selective del, radalion with oxonuctmt¢ III (ItRL), blunt mKlin| 
with munll bean nucleate (Promep) and rt'4illation. Tile 2935 bp mzml 
carries at one end the Y.terminal pan of a tRNA-~ (CA,A) 
which it cut by Hmdlll at published 13]. 
Chloroplast RNA was isolated and purified its publish~ [4]. Nocth- 
em hy.hxidizatton was doiw in 5 x SSPE bated tolutiom, 50~ forms- 
mide at 42°C. Filters (Schkicber & Schut, ll. BAIl3) ~ w ~  twice 
with buffer 2 x SSC. 0. I q~ SDS. 42"C for 15 rain. 
N uclootid¢ and amino acid uquen~ data wcffe analywd using the 
tt'quenc~ analysis software psckaM of (knetics Computt~r Group 
(GCG), Wisconsin. 
3. RESULTS AND DISCUSSION 
We show in Fig. I(1,11,111) the position of the ccsA 
gene on the Bgl Z fragment which was previously 
mapped on the chloroplast genome [2]. The ccsA ilene 
is situa;:d between the trnL (CAA) [3] and the psbD 
gene-sharing transcription polarity with the trnL but 
not with the psbD 8ene. The coding part (ORF348) is 
split into exon I and 2 with 21 and 327 codon$, respec- 
tively. The intron (332 bp) has canonical 5'- and Y- 
termini and features of a chloroplast group II intron [5]. 
The Euglena ccsA gene encodes a protein (M, = 
39,~071 having a high sequence identity (70%t with the 
cs nuclear gene of A. t.~aliana [ i ] and the C-terminal half 
of the "crtA'gene of R capsulatus (Fill. 2) which ac- 
cording to a personal note (G.A. Armstrong, ETHZ, 
Zurich) and contrary, to the published data [6] rt'pre- 
sents an independent ORF (bchl). Acr, ordingly, we used 
in the alignment study only the C-terminal part of the 
Published by EIJevicr Science Publiskers B V. 181 
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Fig. I. Mapping of ORF 348. 1: Bgl 2 (6347 bp); II: &III&indIII 
fragment (2935 bp); III: subfragment of II (1681 bp, arbitrary cut). B. 
H, Ha, X respectively, are &AI, HindIlL Hue11 and XbaI cleavage 
sites. D,J are Hue11 fragments as published [9]. Note, however, that 
the two fragments D and J are separated by a small Hue11 fragment 
(495 bp) not noticed previously. a,b represent, respectively, S-terminal 
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Fig. 2. Amino acid sequence alignment of decoded genes. E: E. gracilis chloroplast ccsA, A: A. Vmliuno cs, R: A. cup~ulu~us C-terminal part of 
‘uIA’ (b&l, 350 codons) sidng with MTT.., as suggested by GA. Armstrong (set tent). (6) exact matches, @) conservative matclrcs across all 
scquenccs; I and 2 mark intron positions in nuclear LS gene; 3 marks intron position in USA gene, (-) gap. 
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Fig, 3, Hydropathy plot (Kyte and Doolittle) of the N-terminal part (positions l-103) of the decoded ccsA gene (profile A) and the equivalent 
segment (positions 77-200) of the decoded A. rlrufiuna cs gene (profile B); numbering is according to [I]. 
published sequence starting with MTTA. We notice 
large domains of exact and conservative matches across 
N-terminal part (103 arnino acids) with the equivalent 
all three sequences what strongly suggests that these 
sequence of the cs gene (Fig. 3). Certainly the two pro- 
proteins not only have a common evolutionary origin 
files are congruent from position 80 on (R. thuhm) 
but most likely have an equivalent function. 
strongly suggesting that the processed cs-protein starts 
in that region. 
The A. thulium cs protein sequence has a long N- 
terminal part which qualifies as transit peptide [l] and 
therefore has no equivalent sequence in the chloroplast 
and bacterial counterpart. According to the result of 
Fig. 2, a first conservative domain (RPV..) starts at 
position 85 (line A), i.e. the transit sequence most likely 
ends upstream of that domain and noi at position 93 
(line A) as tentatively assumed [I]. In that context it was 
of interest o compare the hydropathy plot of the ccsA 
The ccsA gene is transcribed in light grown cella, as 
shown in Northern hybridization experiments (Fig. 4). 
The stable transcript is about 1200 nucleotides long. In 
addition to the major band a precursor of about 1430 
nucleotides interacts with the probe and a very faint 
band around 400 nucleotides can be detected on the 
radiograph. From previous studies (A. Monfort, Ph.D. 
thesis, Neuchltel, 1990) we know that the trnL gene is 
co-transcribed with upstream elements and all indica- 
tions are that the ccsA gene and the downstream trnL 
gene are part of a primary transcript which undergoes 
several steps of processing including the splicing of exon 
1 with exon 2. 
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Fig. 4. Northern blot. Mined chloroplast RNA is hybridized with a 
DNA probe (HindIII-XM, 925 bp). Arrows mark the position of 23 
and 16s rRNA; RNA fragment size is given in nucleotides. 
The function of the ccsA gene is presently unknown. 
Mutations in the cs gene, or, e.g. a T-DNA insertion in 
the 3’-end of the coding part lead to loss of chloroplast 
pigments (pale mutant) [I]. The same holds for muta- 
tions in the C-terminal part of the ‘crtA’ gene (bciz1) of 
A. capsulurus: such mutants show loss of bacteriochlo- 
rophyll accumulation [7,8’J. 
Considering the close structural relationship between 
the Euglena chloroplast CCSA gene with both the plant 
and bacterial counterparts we postulate that the chloro- 
plast gene is also involved in chloroplast pigment bio- 
synthesis. If such is the case then ccsA is the first iden- 
tified chloroplast gene participating in chlorophyll ac- 
cumulation. 
The ccsA gene represents another example for genes 
transferred to the nuclear DNA of higher plants but 
retained in the algal chloroplast genome as was shown 
for the tufA gene [11,12]. Higher plant plastoms also 
show differences in gene composition. It was, e.g., re- 
ported that the tobacco and rice chloroplast genome 
contain the rpsl6 but lack the rp12 1 gene while the oppo- 
site is true for Murchantia polymorpha [13]. 
183 
Volume 303, number 2.3 FEBS LETTERS June 1992 
Acknowledgemena: We are grateful to Drs. GA. Armstrong, ETHZ, 
Zurich and C, Konez, Max-Planck.Institutc, Cologne for valuable 
information about unpublished ata, This work represents part of the 
Ph.D. thesis of B,O, and receivea support from the*Fonds national 
suisse de la rechcrche scicntifique. to ES. 
REFERENCES 
[1] Koncz, C., Mayerhofcr, R., Koncz-Kalman, Z., Nawrath, C., 
Rcisa, B.. Redei, G.P. and Schell, f. (1990) EMBO J. 9, 1337- 
1346. 
[a] Schlunegger, B.and Stutz, E. (1984)Current Genetics 8,629-634. 
[3] Monfort, A., Rutti, B. and Stutz, E, (1986) Nucleic Acids Res. 
14, 3971. 
[4] Montandon, P.E., Knuchel-Aegerter. C. and Stutz, E. (1987) 
Nucleic Acids Res. 15, 7809-7822. 
[5] Michcl, F., Umesone. K. and Ozeki, H. (1989) Gene 82, s-30. 
[6] Armstrong, GA., Albert, M., Leach, F. and Hearst, J.E. (1989) 
Mol. Gen. Genet. 216, 254-268. 
[7] Zsebo, K.M. and Hearst, J.E. (1984) Cell 37,937-947. 
[S] Armstrong, G.A., Schmidt, A., Sandmann, G. and Hearst, J.E. 
(1990) J. Biol, Chem. 265, 8329-8338. 
[9] Hallick, R.B. and Buetow, D.E. (1989) in: The Biology of 
Eugleaa. vol. 4 (Buetow, D.E. ed.) pp, 351-414. Academic Press, 
London. 
[lo] Kollcr, B. and Delius, H. (1982) EMBO J, 1, 995-998. 
[I I] Montandon, P.E. and Stutz, E. (1983) Nucleic Acids Rcs. I I, 
5877-5891, 
[12] Baldauf, S.L. and Palmer, J.D. (1990) Nature 344, 262-265. 
[13] Sugiura, M., Torazawa, K. and Wakasugi, T. (1991) in: NATO 
ASI Series, The Translational Apparatus of Photosynthetic Or- 
ganellcs, vol. H55 (Mache, R., Stutz, E, and Subramanian, A.R, 
eds.) pp. 59-69. 
184 
